The formation of ThyoThy in DNA in the presence of tyramine, tyrosine and'tyrosine-containing peptides such as Lys-Tyr and Lys-Tyr-Lys was studied with monochromatic UV irradiation. The formation of ThyOThy by UV irradiation was enhanced in the presence of these compounds. The action spectrum of the photosensitization has a peak near 280 nm corresponding to the absorption spectrum of tyrosine. The triplet quencher reduced the sensitization substantially. The sensitization in native DNA was more than six times larger than that in denatured DNA. Increasing the concentration of salts suppressed the sensitization. The nature of the interaction between DNA and the sensitizer is discussed.
INTRODUCTION
There are several lines of evidences that protein is a target for the inactivation of cells (1) . Smith proposed the hypothesis that DNA-protein cross-linking contributed to the inactivation and showed the parallelism between the killing of cells and the loss of extractability of DNA (1) . Concerning the participation of protein in the inactivation of cells, we proposed the possibility that the formation of ThyOThy in DNA by UV irradiation was sensitized by tyrosine residues by the triplet-triplet energy transfer from tyrosine to Thy (2) . This hypothesis is based on the triplet-triplet energy transfer from histone to DNA in deoxyribonucleohistone observed by the phosphorescence spectra (3) and it was verified in the case of Thy monomer and tyrosine in aqueous solution (2) . In the present work, we observed the photosensitized formation of ThyOThy in DNA in vitro by tyramine, tyrosine and tyrosine-containing peptides.
MATERIALS AND METHODS

CHEMICALS,
Radioactive [ C]-thymine (61 mCi/ml) was purchased from the Radiochemical Center, Amersham, U.K. Unlabelled thymine, p-methoxyphenylethylamine were purchased from Sigma Chem.
Co.; tyramine, p-ethylphenol from Tokyo Kasei Co; tyrosine from Ajinomoto Ltd, Tokyo; Lys-Tyr, Lys-Tyr-Lys from Bachem Inc, California.
DNA, Labelled DNA ( 14 C-Thy) was prepared from' E.coli W3110 ANALYSIS OF PHOTOPRODUCTS, Irradiated DNA samples were dialysed against distilled water, evaporated to dryness and dissolved in formic acid. Acid hydrolysates were chroraatographed on Whatman No. 1 paper by descending technique. The solvent system used was n-butanol/acetic acid/water (80:12:30, v/v/v). The strips were cut in 1 cm pieces and C label was counted by Packard liquid scintillation counter. Characterization of products is according to Patrick and Rahn (5) . DNA and small molecules is strongly dependent on the conformation of DNA (11) . If the sensitization accompanies a specific interaction between DNA and tyramine, we can expect that the sensitization is also dependent on the conformation of DNA. Table 1 2.0 shows the cross section for the reaction in native DNA and denatured DNA in the absence or presence of 0.52 mM tyramine. These molecules also sensitize the formation of ThyOThy. However, in the case of p-ethylphenol, the efficiency of the sensitization decreased to about one fourth of that of tyramine. Therefore, an electrostatic interaction contributes greatly to the sensitization, although not prerequisite. On the other hand, in the case of p-raethoxyphenylethylamine, the efficiency is a little higher than that of tyramine. Therefore, hydrogen bonding by OH group of tyrosine ring seems not contributing to the sensitization.
COMPARISON BETWEEN TYROSINE AND TYROSINE-CONTAINING PEPTIDES
AS SEHSITIZERS., We examined the possibility of the sensitization by tyrosine residues in peptides using simple oligo-peptides. In addition to tyramine, tyrosine and tyrosine-containing peptides such as Lys-Tyr and Lys-Tyr-Lys also sensitize the formation of ThyOThy in DNA at 280 nra. The cross sections for the reaction are shown in Table 1 . The efficiency of the sensitization increases in the order of Lys-Tyr-Lys< tyrosine<Lys-Tyr$tyramine.
DISCUSSIONS
We have observed the sensitized formation of ThyoThy in DNA by tyramine, tyrosine and tyrosine-containing peptides. The sensitization was dependent on the concentration of tyramine (Fig. 1) and the action spectrum for the sensitization was similar to the absorption spectrum of tyramine (Fig. 2) . Therefore, electronicaJly excited states of tyramine contribute to the sensitization. Furthermore, the sensitization was suppressed by a triplet quencher, isoprene (Fig. 3) . Consequently we concluded that the sensitization was due to the triplet-triplet energy transfer from tyramine to Thy. The formation of ThyOUra (from deamination of ThyOCyt formed in situ) was not sensitized by tyramine as much as that of ThyOThy. In the case of the sensitization by acetone, which is due to triplet-triplet energy transfer, Cyt-containing products were also relatively fewer than those in direct photoirradiation (9) . These results might be explained by the difference in the efficiency of energy transfer to Cyt and Thy. As for the formation of Thy(6-4)Pyo, which we did not observe, there are strong reasons that the formation of Thy(6-4)Pyo would not be sensitized by tyramine.
Thy Pyo is formed via the excited singlet state of Thy and it was not formed in the photosensitization by acetophenone (5).
To investigate the nature of the interactions between DNA and tyramine, we examined the effects of salts on the sensitization (Fig. 4) . The sensitization was markedly diminished by increasing ionic strength. This is mostly explained by the electrostatic interaction of DNA with tyramine. The difference in the sensitization among tyramine, p-methoxyphenylethylamine, Lys-Tyr and tyrosine (Table 1) It was a remarkable point of our results that the sensitization was specific for native DNA ( Table 1 ). The sensitization was six times larger for native DNA than for denatured DNA. In the case of the sensitization by acetophenone, on the other hand, the sensitized formation of Thy dimers was enhanced in denatured DNA compared with that in native DNA (14) . In this case, the interactions are probably collision-like. In contrast with this, the interactions in the sensitization by tyramine seem somewhat differentv ii.e. tyramine in its excited triplet state is considered to form, at least in a moment of energy transfer to DNA bases, a transient complex which is specific for native DNA.
To check the contribution of the electrostatic interaction or the formation of hydrogen bonding to the interactions, we examined the dependency of the sensitization on the change of the molecular structure of the sensitizer (Table 1) 
